Introduction: Appendicitis is a prevailing cause of acute abdomen, but is often difficult to diagnose due to its wide range of symptoms, anatomical variations, and developmental abnormalities. Urological disorders of the genitourinary tract may be closely related to appendicitis due to the close proximity of the appendix to the genitourinary tract. This review provides a summary of the urological complications and simulations of appendicitis. Both typical and urological symptoms of appendicitis are discussed, as well as recommended diagnostic and treatment methods. Methods: Medline searches were conducted via PubMed in order to incorporate data from the recent and early literature. Results: Urological manifestations of appendicitis affect the adrenal glands, kidney, retroperitoneum, ureter, bladder, prostate, scrotum, and penis. Appendicitis in pregnancy is difficult to diagnose due to variations in appendiceal position and trimester-specific symptoms. Ultrasound, CT, and MRI are used in diagnosis of appendicitis and its complications. Treatment of appendicitis may be done via open appendectomy or laparoscopic appendectomy. In some cases, other surgeries are required to treat urological complications, though surgery may be avoided completely in other cases. Conclusion: Clinical presentation and complications of appendicitis vary
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Introduction
Appendicitis is defined as the inflammation of the vermiform appendix, a tubular entity located at the end of the cecum. It is a prevailing cause of acute abdomen, but can be difficult to diagnose due to its wide range of symptoms, developmental abnormalities, and topographical variations. Common symptoms include lower right quadrant abdominal pain, vomiting, and fever. Though rare, urological diseases are associated with appendicitis due to the close proximity of the appendix to the genitourinary tract. After giving background on the embryology and anatomy of the appendix as well as the pathophysiology, etiology, and clinical manifestations of appendicitis, we review the genitourinary simulations of appendicitis symptomatology with respect to the adrenal glands, kidney, retroperitoneum, ureter, bladder, prostate, scrotum, and penis. A discussion of appendicitis in pregnancy and children follows, as well as recommendations for evaluation and management.
The appendix is normally found in the lower right quadrant of the abdomen in the retrocecal position, though other locations and orientations have been reported. The appendix may be found in the upper left quadrant, left anterior paramidline, lower midline, pelvic position, subcecal position, postileal position, preileal position, and in the thorax [1] . Abnormalities in appendix position and development often result in patients exhibiting atypical symptoms or complications of appendicitis, making diagnosis and treatment more difficult. Patients with midgut malrotation, situs inversus totalis, or an appendix positioned in the upper left quadrant can present with lower or upper left quadrant pain as opposed to typical lower right quadrant pain [15] [16] [17] . Appendicelial anomalies complicate appendectomies and may require surgical treatments specific to the anomaly. In the case of appendicitis with de Garengeot hernia, herniorrhaphy is recommended over appendectomy [7] .
Complications in diagnosis and symptom management of appendicitis also occur due to abnormalities and structural variations of genitourinary organs. In several cases, disorders resulting from anomalies of the genitourinary tract masquerade as acute appendicitis. Infection or obstruction of abnormal genitourinary organs can mimic appendicitis [18, 19] . Examples of such anomalies include renal agenesis [20] [21] [22] [29] . Table  1 provides a list of congenital anomalies of the genitourinary tract along with congenital anomalies of the vermiform appendix.
Etiology and Pathophysiology
In terms of pathogenesis, inflammation of the lining of the vermiform appendix secondary to the nature of the etiology spreads to all parts of the appendix. Hyperplasia pairs with the inflammation of the lumen lining. When the lumen is eventually distended, there is an increase of intraluminal and intramural pressure. Ulceration allows bacteria to leak into the appendix wall. When the intraluminal pressure becomes greater than the venous pressure, congestive engorgement of the appendix occurs due to the thrombosis of the venules and capillaries. Inflammation then spreads to the serosa, at which point all vasculature will undergo thrombosis to finally result in ischemia, infarction, and perforation at the wall of the appendix. Much of the etiology, other than common forms such as luminal obstruction, is not well explained. Nonetheless, the clinical links for most etiologies have been reported well in the literature. Table 3 summarizes these etiological findings.
Clinical Presentation
Symptoms of acute appendicitis vary with age. Common symptoms include migratory pain in the right iliac fossa, nausea, vomiting, and fever [30] . Cases of acute appendicitis are rare in young children and often present with abnormal, rapidly progressing symptoms. Diarrhea and bilateral or broad abdominal pain are more common in these cases [31] .
Due to topographical variations of the appendix and/ or urogenital organs, appendicitis may be accompanied by urological symptoms. Urinalysis may reveal hematuria, dysuria, proteinuria, and/or bactiuria due to the close proximity of the urinary tract to the appendix [19, [32] [33] [34] . Pneumaturia is reported in patients with appendicovesical fistula and is associated with direct adherence or close proximity of appendix to the bladder [35, 36] . Urinary retention is reported in patients with appendicitis, though acute urinary retention is more frequently reported in elder patients [37, 38] . Urinary retention often results when the appendix is closely positioned to the right distal ureter and/or urinary bladder [37] . It is important to consider these urological manifestations as signs of appendicitis in order prevent delayed diagnosis.
Genitourinary Simulations and Complications

Adrenal
Urological complications involving the adrenal glands are associated with acute appendicitis in rare cases. Dimofte et al. [39] reported a case in which an adrenal abscess followed a case of acute appendicitis. The abscess developed from a 35-40 mm mass discovered via ultrasound evaluation prior to appendectomy. The abscess underwent spontaneous drainage ten days after the operation. Acute appendicitis may also be associated with adrenal insufficiency and Addison's disease [40, 41] . Symptoms of Addison's disease include hyperpigmentation, decreased appetite, hypotension, hyponatremia, and hyperkalemia [41] . reported a patient diagnosed with Addison's disease after undergoing appendectomy. Though direct correlation was not reported, it is important to be aware of symptoms in order to detect Addison's disease as a possible postoperative complication of appendicitis.
Kidney
The appendix may be located close to the kidney in rare occasions. Extrinsic compression kidney disorders associated with appendicitis include hydronephrosis, pyelonephritis, and perinephric abscess. Hydronephrosis results from compression of the ureter by an undiagnosed appendiceal abscess and can be unilateral or bilateral [43] [44] [45] [46] . It is important to consider hydronephrosis as a possible complication of appendicitis in order to prevent delayed diagnosis of appendiceal abscess.
Appendicitis is sometimes misdiagnosed as pyelonephritis and vice versa. This typically occurs when the appendix is in the retrocecal position [47] . Both appendicitis and pyelonephritis may present with flank and abdominal pain, so it is important to distinguish between the disorders in order to proceed with sufficient treatment options. Tsao et al. [48] reported a case in which a patient presented with lower right quadrant abdominal pain and was diagnosed with appendicitis. Further investigation via CT scan of the abdomen revealed ectopic kidney and pyelonephritis. Antibiotics were administered and the patient was successfully treated without surgical intervention. On the other hand, cases of appendicitis can present as genitourinary disorders. Jones et al. [19] reported a patient that was initially diagnosed with pyelonephritis due to pain in the upper abdomen. A CT scan revealed retrocecal appendicitis and appendectomy was performed. In this case, appendectomy was necessary, but was delayed due to misdiagnosis. Delayed diagnosis can lead to serious complications if appendectomy is delayed for more than 24-36 hours [47] . In order to make distinctions between the two disorders, further evaluation via CT scan may be necessary.
Appendicitis may present with perinephric abscess when the appendix is in the retrocecal position. Symptoms include abdominal pain, flank pain, and high fever. Perinephric fluid is typically visible through ultrasonography, but CT scan may be required to identify the ruptured appendix. If an enlarged or ruptured appendix accompanies the perinephric abscess, appendectomy and abscess drainage [49] .
Nephroptosis, otherwise known as a falling kidney, may simulate appendicitis symptoms if its ectopic location is at the right iliac fossa. Hydronephrosis, nephrolithiasis, and pyelonephritis of the ectopic kidney may contribute to these symptoms. Another major contributor could be renal ischemia due to renal artery stenosis, kinking, or elongation. Obstruction to the renal vein can cause clot colic, however this will lead to hematuria which decreases suspicion of appendicitis unless it is presenting concomitantly.
Retroperitoneum
Retroperitoneal abscesses can accompany acute appendicitis resulting in severe complications. Hsieh et al. [50] reported 24 cases of acute appendicitis complicated by retroperitoneal abscesses in which symptom presentation was atypical. Only 9 out of the 24 patients complained of abdominal pain while abscess formation affected regions including the thigh, psoas muscle, perinephric space, and lateral abdominal wall. The mortality rate for the reported cases was 16.7% and recovery time for surviving patients was approximately one month [50] .
Ureter
Ureteral obstruction is a more common urological complication of appendicitis that often results from appendiceal abscesses [51] . Right ureteral obstruction is frequently observed with appendicitis due to its close proximity to the appendix. Khallouk et al. [51] reported a 60-year-old female presenting with right renal colic and lower abdominal pain. No urinary symptoms were present and physical examination revealed tender abdomen upon palpation. Ultrasonography showed right renal hydronephrosis and abdominal CT revealed an appendiceal mass with a stercolith compressing the right ureter. The patient underwent laparotomy, which revealed a perforated appendix and periappendiceal mass. The patient recovered shortly after undergoing appendectomy and abscess drainage.
Ureteral obstruction presenting as appendicitis is rare and the precise mechanism behind its origin is uncertain [51] . Though cases have been reported in which patients with appendicitis present with left renal colic [52] , appendicitis is often misdiagnosed as renal colic or urolithiasis. Therefore, it is important to make a distinction between left renal obstruction and appendicitis and establish existing links between the two when applicable. Ozkan et al. [15] reported a patient with type 3B malrotation and appendicitis. Initially, the patient was misdiagnosed with left renal colic due to complaints of left lower abdominal pain. CT scan revealed malrotation and ruptured appendicitis and the patient underwent appendectomy. Obstruction typically subsides following appendectomy and abscess drainage.
Ureteral obstruction is also associated with appendiceal adenocarcinomas. In some cases, appendiceal cancer can metastasize to and compress the ureter resulting in ureteral obstruction [53] . Carcinoid and adenocarcinoma of the vermiform appendix may present with ureteral obstruction or symptoms similar to acute appendicitis, therefore, it is important to consider this in the differential diagnosis of appendicitis [54] . Appendiceal mucoceles also exhibit symptoms similar to acute appendicitis and are reported to impact ureter obstruction. Benign tumors may be removed via appendectomy, while hemicolectomy is performed to remove any malignant tumors [55] .
Other complications of appendicitis and appendiceal masses include hydroureter and ureteritis [45, [56] [57] [58] .
Bladder
Due to its close proximity to the bladder, an inflamed or ruptured appendix can impact bladder function, especially when the appendix is in the pelvic position [59] . Possible complications include cystitis, appendicovesical fistula, irritative bladder, and urinary tract infections. Cystitis may be a presenting symptom or a complication of appendicitis [60, 61] . Appendicovesical fistula is a rare complication of appendicitis typically accompanied by coprosuria, pneumaturia, and/or recurrent urinary tract infections. Appendicovesical fistula can present years after treated and untreated appendicitis or treated appendicular colic so it is important to be aware of symptoms in order to make an accurate diagnosis [35] . Aside from appendicitis, other causes of appendicovesical fistula include adenocarincoma of the appendix, Crohn's disease, and ulcerative colitis [62, 63] .
Bladder tumors result from perforated appendicitis and invasion of adenocarcinoma into the bladder [64, 65] . In several cases, appendiceal adenocarcinomas and appendicular abscesses present as bladder tumors thus it is important to consider the differential diagnosis upon identification of bladder tumors via cystoscopy and CT scan [65, 66] . Both irritative bladder and lower urinary tract infection are rare urological symptoms of appendicitis. Irritative bladder may present with hematuria [67] . Lower urinary tract infection results from invasion of bacteria from the appendix into the urinary tract [68] .
Prostate
Appendicitis may present as acute prostatitis or result from invasion of prostatic carcinoma [19, 69, 70] . Acute appendicitis resulting from metastasis of prostatic carcinoma is rare and usually occurs as a result of appendix obstruction. Such cases are particularly dangerous due to an increased rate of perforation. Cases of simple acute appendicitis have perforation rates of approximately 17-39%, while cases of metastasis-induced acute appendicitis have perforation rates of approximately 71%. Therefore, it is important to be aware of appendicitis manifestations when working with patients with metastatic cancer [70] . Complications of laparoscopic inguinal hernioplasty must also be acknowledged. Domene et al. [71] reported a patient who developed acute appendicitis following a transuretral prostate resection and bilateral inguinal hernioplasty.
Scrotum
Scrotal manifestations of appendicitis include epididymitis, secondary to patent processus vaginalis, hemiscrotum, hydrocele, herniation, Fournier's gangrene, and pyocele. Acute appendicitis may occur alongside epididymitis or vice versa. Patients may present with acute scrotum, swollen spermatic cord and scrotum, and testicular pain [18, 72] . Patent processus vaginalis with appendix perforation may simulate scrotal symptoms. Symptoms include tender, red, and swollen hemiscrotum, pus in the tunica vaginalis, lower abdominal pain, vomiting, and diarrhea [73] . Abdominoscrotal hydroceles can be unilateral or bilateral potentially causing appendicitis via obstruction [29] . Hydrocele may be a presenting symptom of appendicitis or a complication of laparoscopic appendectomy [74, 75] .
Herniation, including Amyand's hernia, can complicate appendicitis. An appendix that lies in the hernia sac is more prone to perforation and perforation related complications [76] . Fournier's gangrene, defined as flesh-eating disease of the male genitalia, is a reported complication of perforated appendicitis [77] . Pyocele is a reported complication of appendectomy and is associated with prolonged symptoms and more difficult diagnosis. Therefore, it is important to diagnose appendicitis quickly in order to avoid such complications [78] . Cryptorchidism may complicate or mimic acute appendicitis symptoms [79, 80] .
Penis
Acute appendicitis associated with penile complications is rare yet threatening. According to Sandler et al. [81] , only 4 cases relating low-flow priapism in children with acute appendicitis have been reported. One of the 4 cases reports priapism as a symptom of acute appendicitis, while the remaining three cases report priapism as a Dalpiaz/Gandhi/Smith/Dagur/Schwamb/ Weissbart/Khan complication of appendectomy. In one case, a 14-yearold boy experienced priapism on postoperative day 2. Ice and oral phenylephrine were administered with no change in symptoms. Intracavernosal needle aspiration and saline flush were followed by injection of bupivacaine and adrenaline into corpora. The patient did not reach full detumescence until day 5 after administration of phenylephrine. Ultrasonography depicted normal penile flow on day 8. Priapism is a serious complication that may require drawn out treatment plans and hospital stays. Thus it is important to make note of such a complication following appendectomy.
Appendicitis in Pregnancy
Appendicitis in pregnancy is rare and often difficult to diagnose due to variations in appendiceal position and trimester-specific symptoms. Delayed diagnosis or misdiagnosis of appendicitis in pregnant women can result in maternal and infant mortality. Appendicitis affects one in 1,500 pregnant women with varying incident rates for each trimester. Between approximately 19-36% of pregnant patients suffer from appendicitis in the first trimester, 27-60% in the second trimester, and 15-33% in the third trimester. Perforation rates are significantly higher in pregnant women (55%) than in other appendicitis patients (4-19%) [82] .
Symptoms of appendicitis in pregnancy include right lower quadrant pain, nausea, vomiting, right upper quadrant pain, diarrhea, uterine contractions, dysuria, rectal pain, and vaginal tenderness; however, there are no definitive criteria for appendicitis diagnosis. Appendiceal position is said to be displaced upward near the costal margin during pregnancy [82] . In order to diagnose appendicitis in pregnancy, MRI is the recommended first-line imaging study [83] . Ultrasonography has been reported specific and sensitive in early pregnancy, but becomes less useful after gestational week 35 [82] .
Evaluation
An evaluation should begin with a detailed history and physical examination to locate the symptoms suggestive of genitourinary or obstetric issues simulating appendicitis. Furthermore, appendicitis could be an underlying manifestation of genitourinary or obstetric issues, or vice versa.
Imaging Studies
The three main modalities for diagnosing acute appendicitis are transabdominal ultrasonography, abdominal CT scan, and MRI [83] . In typical cases of suspected Mimicry of Appendicitis Symptomatology 175 appendicitis, ultrasonography takes precedence. It is noninvasive, painless, and quick with specificity of 94% and sensitivity of 88% [31] . Abdominal CT scan has a 95% specificity and 94% sensitivity and is associated with fewer negative appendectomies. However, it exposes patients to radiation and may increase the risk of cancer therefore leading physicians to recommend CT in cases of atypical or perforated appendicitis [31, 83] . In a case reported by Wojtasek et al. [84] , a CT scan was recommended for a patient with appendicitis and bladder involvement. MRI has 96% specificity and 100% sensitivity, but is expensive and typically requires general anesthesia in pediatric patients. For these reasons, MRI is generally used for pregnant patients only [31, 83] .
Laboratory Studies
Laboratory studies including white blood cell count and C-reactive protein measurement are weak diagnostic markers [31] . More recently, research has been conducted on whether calprotectin can be considered a significant diagnostic marker of pediatric diseases such as appendicitis. According to Vaos et al. [85] , Sieric calprotectin may be a potential sensitive, nonspecific inflammatory marker for acute appendicitis, though supportive evidence is currently weak. To assess the involvement of genitourinary conditions, complete blood count, basal metabolic panel, urinalysis, urine culture, and urine cytology may be beneficial.
Differential Diagnosis
Upon evaluation, it is crucial to divide genitourinary conditions simulating appendicitis symptomatology by the organ of origin. Pregnancy also presents with many manifestations, both systemic and local, that may complicate the accurate diagnosis of appendicitis. The differential diagnosis of acute appendicitis for pregnant and non-pregnant patients is depicted in table 3.
Clinical Diagnosis: Radiology The 3 main tests for diagnosing acute appendicitis are transabdominal ultrasonography, abdominal CT scan, and MRI [83] . In typical cases of suspected appendicitis, ultrasonography takes precedence. It is noninvasive, painless, and quick with specificity of 94% and sensitivity of 88% [31] . Abdominal CT scan has 95% specificity and 94% sensitivity and is associated with fewer negative appendectomies. However, it exposes patients to radiation and may increase the risk of cancer therefore leading physicians to recommend CT scan in cases of atypical or perforated appendicitis [31, 83] . In a case reported by Wojtasek et al. [84] , CT scan was recommended for a patient with appendicitis and bladder involvement. MRI has 96% specificity and 100% sensitivity, but is expensive and typically requires general anaesthesia in pediatric patients. For these reasons, MRI is generally used for pregnant patients only [31, 83] .
Laboratory tests including WBC count and C-reactive protein measurement are weak diagnostic markers [31] . More recently, research has been conducted on whether calprotectin can be considered a significant diagnostic marker of pediatric diseases including appendicitis. According to Vaos et al. [85] , Sieric calprotectin may be a potential sensitive, nonspecific inflammatory marker for acute appendicitis, though supportive evidence is currently weak.
Management
Acute appendicitis can be treated conservatively with antibiotics, or surgically via open appendectomy (OA) or laparoscopic appendectomy (LA). Due to lack of quality studies on conservative methods, appendectomy is typically the preferred method of treatment. However, controversy over performing OA or LA remains prevalent [86] .
Several studies report that LA is more advantageous than OA in terms of length of hospital stay, recovery, and postoperative use of analgesics. Though studies demonstrate higher surgical site infection rates in OA (about 3.2% compared to 1.6% in LA), other studies demonstrate higher intraabdominal abscess rate in LA than OA. A contrasting report showed no significant difference in intra-abdominal abscess rate in patients undergoing LA vs. OA. This study correlated intraabdominal abscess rate with diagnosis more strongly than with surgical treatment method. The occurrence of incisional hernias is low in both techniques, while small bowel obstructions or adhesions are more common postoperative complications in patients who underwent OA. In terms of infertility rate and necessity of future procedures, LA seems to be the preferred method [86] . Table 4 summarizes common treatment options for genitourinary tract disorders associated with appendicitis.
Conclusion
Due to its topographical variations and developmental anomalies, acute appendicitis may present with atypical symptoms or may mimic disorders of the genitourinary tract. Awareness of the differential diagnosis and varying symptoms of appendicitis is crucial in accurately identifying and treating the disorder. Ultrasonography is suggested for the diagnosis of appendicitis presenting with typical symptoms. A CT scan may be necessary if symptoms are atypical or urological complications are suspected. Recommended treatment for appendicitis is typically surgical; most urological conditions associated with the appendix are treated via surgery. Swift diagnosis of either appendicitis or disorders of genitourinary tract can circumvent complications.
